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The Charge

The APS Divisions of Warticles and Fields and of YMuclear hysics, together with the 2A)0S Divisions of
Astrophysics and the 0hysics of Beams, is organizing a year-long Study on the 10hysics of Weutrinos,
beginning in the fall of 2003. The $tudy is in response to the remarkable recent series of discoveries in
neutrino physics and to the wealth of experimental opportunities on the horizon. It will build on the
extensive work done in this area in preparation for the 2002 long range plans developed by MSAC and

HEPA, as well as more recent activitics, by dentifping the key scientific questions driving the
field and analyzing the most promising experimental approaches to answering them. The results of the
Study will inform efforts to create a scientific roadmap for neutrino physics.

The Study is being carricd out by four A0S Divisions because neutrino physics is inherently interdisciplinary
in nature. The Study will consider the field in all its richness and diversity. 1t will examine physics issues,
such as neutrino mass and mixing, the number and types of neutrinos, their unique assets as probes of hadron
structure, and their roles in astrophysics and cosmology. It will also study a series of experimental approaches,

including long and short baseline accelerator experiments, reactor experiments, nuclear beta-decay and double
betasdecay experiments, as well as cosmic rays and cosmological and astrophysical observations. In addition,
the study will explore theoretical connections between the neutrino sector and physics in extra dimensions or

at much higher scales.

The $tudy will be (¢d by an Organizing Committee and carricd out by Working Groups. The Organizing
Committee will function as an interdisciplinary team, reporting to the four Divisions, with significant
international participation. The Study will be inclusive, with all interested partics and collaborations welcome
to participate. The final proouct of the Study will be a book (or ¢-book) containing reports from each Working
Group, as well as contributed papers by the Working Group participants. The Organizing Committee and
Working Group leaders will integrate the findings of the Working Groups into a coherent summary statement
about the future. The Working Groups will meet as necessary, with a goal of producing the final report by
August 2004.

‘The overarching purpose of the Study is for a diverse community of scientists to examine the broad sweep of

neutrino physics, and if possible, to move towards agreement on the next steps towards answering the questions
that orive the field. The Study will [ay scientific groundwork for the choices that must be made during the next
few pears.
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What's the Matter?

Ghostly Neutrinos:
0.3% (Lower limit)

SLars:
0.5%%

Free Hydrogen
and Helium:
4%

Dark Matter:
£9'%

Dark Energy:
T0%
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The Standard Model

This picture needs revision
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Organization

Chairpersons
Stuart Freedman, Boris Kayser

Organizing Committee
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Working Groups

Solar and Atmospheric Neutrino Experiments
John Bahcall and Josh Klein

Reactor Neutrino Experiments
Gabriela Barenboim and Ed Blucher

Superbeam Experiments and Development

Bill Marciano and Doug Michael

Neutrino Factory and Beta-Beam Experiments and Development
Stephen Geer and Michael Zisman

Neutrinoless Double Beta Decay and Direct Searches for Neutrino Mass
Steve Elliott and Petr Vogel

What Cosmology/Astrophysics and Neutrino Physics can Teach Each Other
Steve Barwick and John Beacom

Theory Discussion Group
Rabi Mohapatra



Workshop to kick off the APS Neutrino Study

The APS Divisions afPamcles and Fields and of Nuclear Physics,
tagg!her with the Divisions of Astrophysics and the Physics of
Beams, are sponsoring a year-long Study on the Physics of Neutrinos, beginning in the fall of 2003.

December 13-14, 2003
Argonne National Laboratory

This is a temporary web page for the workshop to kick off the Neuwino Study. The Workshop will be held December 13-14, 2003 (Saturday-Sunday) at Building 36

Argonne National Laboratory

‘We are pleased to announce a workshop on Neutrino Phyics in the High Energy Physics Division at Argonne National Laboratory from
December 13-14, 2003. After consideration of other sites, the workshop will now be held at Argonne National Laboratory.

Participants will need to register in advance in order to prepare a gate pass. See below.

The aim of the workshop is given below along with the Charge on the APS study.

Workshop Links

+ Information for attendees

+ Registration Form (closed)

+ Program (including wransparencies)

» Working Groups

» Link for those who want to participate in the study but can't come to the worksho
» Lisr of amendees as of December 12_ 2003
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LA RICERCA SCIENTIFICA
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Tentative di una teoria dell emissione
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First Direct Detection of the Neutrino
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Discovery of Muon Neutrino
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Pioneer of Solar Neutrino Science

37C) +v, — 37Ar + &

1968 First Solar Neutrino Experiment



The Sun is Fueled by Nuclear Reactions
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Underground Science

Source of
radiation
in here
This way to
“cosmic rays"
Millikan ~1910 Hess 1912

Millikan proposed going underground to disprove Hess’ suggestion
that radiation from outer space is not the source of unexplained
backgrounds on the Earth’s surface. Millikan proposed the Earth’s
core as the source. Millikan went down. Hess went up and discovered
the “cosmic rays”.



Cosmic Rays

Cosmic Ray Flux Vs. Energy
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Backgrounds!



Underground!
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Avoid Atmospheric Muons!

* Direct backgrounds from
primary muons.

- Secondary backgrounds
from spallation reactions
products.
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Proton Decay
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Experimental Search for Proton Decay

IMB

Irvine-Michigan-Brookhaven
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well nou only globally but also in smaldl reprons. The
simulation predicts that 34% +1% of the evenis should
have an identfied muon decay while our dala has
26% + 3. This discrepancy could be 2 statisticul Huc-
tuation or 4 syslematic error due to (i) a0 incorred as-
surmption as to the ratio of mucn »'s to electron »'s N
the atmospheric fluxes. () an incorrect estimale of
the efficiency for our observing a muon decay, or Gii)
some ather as-yet-unaccounted-for physics. Any ef-
feco of thes discrepancy has nol been considercd in cal-
cuiating the nucleen-decay resulis

decay. Also, lhere is no significunt excess ol events
observed in any deocay mode that would indicule g
nucleon-decay signal. The lower limit for the owcleon
lifetimme runge from roughly order of 107 years 1o or-
der of 10°2 years. We belicve our background esimate
15 now Dmijled By aystemalie uncertaimlics m the @l-
mospheric v Aux and the availahle data Tor v interac-
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Supernova Neutrinos
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Atmospheric Neutrinos
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Neutrino Oscillations
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Neutrino Oscillations in the rest frame
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SuperKamiokande
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Atmospheric neutrinos as a source for oscillation experiments
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Gallium Experiment-Gallium Neutrino Observatory



Soviet American Gallium Experiment
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Solar Neutrinos
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The Sun as seen from underground



Neutrino Flux
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MSW Effect
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Why does SNO use $300M worth of heavy water?
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Fluxes
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Total Rates: Standard Model vs. Experiment

Bahcall-Pinsonneault 2000
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2.06+0.23

+

0.35+0.02

GALLEX

GNO

Experiments

Uncertainties

.-'_._-;_'.:_-:__.:E 1.01+0.12

SNO
All v




KamLAND

"Dome" Area

= Steel Deck

s il s

Reactor Power = Target Mass (MegaWatt-ton)

/
G

g/ Outer Detector ‘

Metrino Mass Sensitivity

| | | |
107 ew® 10% ey® 107 ey® 10 ey®

1% per year
[statistical)

Fala
Werde

Bugey 11l

Sawvannah
Biver Gosgaen

ILL Rowvno

10% per year

Water Cherenkov

Steel Sphere

Nylon/EVoH Balloon

Tyvek light baffles

OD PMT's

10m 100 m Tkm A0k 00k
Baseline
—
s Primorskaya
: (-]
Russia
Wisdoaich
Ll
¢ - 42N
Kimcnaek
¢
China West Asia A0
| Onagawa
South Korea g
Kashiwazaki Kariwa 8N
|uichin| ¢ Shiks agaora . Fukushima Dalichi
Fukushima Daini|
* Tsuruga
.cq, Wolsong BN
ﬁ .......
W Kerl
Glm*ai 24°N
E‘"d"a.,a:u 2N
ma
.
-
‘g’ .
Intarnations] Nuciear Safely Canir al ANL Mar 1999
— N
130E 132E 1ME 136E 138E MPE MZE 144E 146E



1o

Am? (5VH

10%

I

= f

S

wit g S
B0

B0

40

Events /0,425 MeV

(=)

CECEELT LT R

"‘rl_!_!_!_'_!_l_l_l—'_!_!_!_!_rl_l_l_!_'_!_!_!_l—l_l_r

—— nexcEsillation
—— bestfit escillation
U accidentak

—e— KamlLAMND data

B e (M)

Lax10*
b)
belo® |-
o
=S
L E
CQE Bxl0™
- . KamlArD+3okr fluxes
- 6107 -
- * A
i se CL.
- — eI CL P rsncL i B 5.7 CL
I % solarbest fit @ KamLARND best fit B gkohal best fit
Ll 1 Lol 1 Lol 1 I 4)(10-5 PRI T T N T T VT T N T T T N SO
10t 1 10 0.2 0.3 0.6

tan®

tan® @

0.5



Long Baseline Experiments

SuperKAMI
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Natural Sources

Man-Made Sources
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The Sun ::“ k. - e 108 kilometers 3
37C| Kamiokande
GALLEX SuperKamiokande i
SAGE SNO j’

30 kilometers }-!;{ rn"hl
. . A
Atmospheric Neutrinos A |
IMB Kamiokande ﬁ;
Soudan SuperKamiokande O ey
MACRO
detector
Accelerators
detector
K2K choras
| o
Opera (LSND) e s B
coe Tt wt
Bugey Goesgen
ILL Chooz
Palo Verde  KamLAND /VE

detector



What do we know and how do we know it

Bounded by CHOOZ
From Max. Atm. mixing,
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The Open Questions




Neutrinos and the New Paradigm

- What are the masses of the neutrinos?

* What is the pattern of mixing among the
different types of neutrinos?

* Are neutrinos their own antiparticles?

* Do neutrinos violate the symmetry CP?



Neutrinos and the Unexpected

- Are there "sterile” neutrinos?

* Do neutrinos have unexpected or exotic
properties?

- What can neutrinos tell us about the

models of new physics beyond the
Standard Model



Neutrinos and the Cosmos

What is the role of neutrinos in shaping the
universe?

Are neutrinos the key to understanding the
matter - antimatter asymmetry of the universe?

What can neutrinos reveal about the deep interior
of the earth and sun, and about supernovae and
other ultra high energy astrophysical phenomena?



Neutrinos At the Main Injector (NuMl)
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Solar neutrino spectrum
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Double Beta Decay Experiments

Experiment | Isotope Technique Isotope |Enriched| Qp | <m. > [Overhead| Location
Mass (kg) (MaV)| BVIIRCL | (yye)

Heidelberg- "Ge 5 Qe crystals 9.9 B6% | 2.04| <040 | 2700 |GranSasso,lmly

Maoscow

IGEX Ge 6 Ge crystals ) B 204 | <044 2450 Canfrane, Spain

(B | e TPC with foils 0.014 Q7% 2.99 < T.7 290 Hoowver Dam, US

ELEGANT 10N drift chamber - 0.20 g4.5% | 3.03 <27 1 %00 Oto, Japan

scintillators
Kiev e CdW O, crystals 0.09 8304 28 <33 1 000 Slotvinia,
Lkraine
Missouri e Geochemical Te Ore No ®RT | =<1.5 /A N/A
Milano MTe  |Ciyopenic 20TeD;| 2.3 No |253| <26 2700 | Gran Sasso, Italy
cTystals

Cal-UN-PSI LY o High Pres. TPC 7.1 625% [ 247 <35 3000 Switzerland

vct HINd TPC foils 0.015 91% |337| <7l 290 | Hoover Dam, US

NEMO3 e, Mo, drift chamber- I, 1, Yes 3.03.0, ~{]. | 4800 Frejus France

"'{_'EL B d scintillator 1,1 2.83.4
CUORICING| T Crvopenic 56 Te(, i Mo 26 =~ 0.1 2700 Gran Sasso, [taly
cTystals

GENTUS Ge 400 Ge crystals | OO0 Yes 2.04 0.01 Gran Sasso, [taly

MAJORANA Ge 210 Ge crystals 500 Yes 2.04 0.072 AN

CAMEQD "Se. ""Mo, | Borexino CTF ~1, 1.1 Yes 2.99, ~ ] Gran Sasso, [taly

ey 3.0, 2.8
MOON ""Mo Scint+Foils 3400 Ne |3.03| 0.03 7500
CUORE By Cryogenic 1020 210 No 2.53 0.02 Gran Sasso, [taly
Te(y, crystals
EX0 b High Pres. TPC | QOO0 Yes 2.47 0.01 2000

DBCA-II{2) 3 d Drift chamber B Yes 3,37 ~{.05 Oto, Japan
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Two Detector Reactor Experiments

Detector 2 Detector 1

Reactor [ JHFSK | NuMI
Beam
Baseline 295 km 712 km
Target Power 0.77 MW 0.4 MW
. . Off-axis angle 2° 0.72°
Off AXIS EXPerlmenTS Mean energy 0.76 GeV 2.22 GeV
Mean L/E 385 km GeV ™! 320 km GeV™!
at Accelerators Detector
Technology Water Cherenkov | Low-Z calorimeter
Fiducial mass 225kt 17kt
Running period 5 years b years




Solar Neutrino Experiments

Fiducial Mass Threshold, keV BFOO Rates per vear
Expf. Type Tons of ES cC NC pp "Be 8B | CNO |Event | Start
+pep Eff. ™
Cl-Ar Radioch. 135 o B14 14 re 363 24l 16 15&5'
Kamioka  Cerenkov 680  wates 7000 120 100 1985
SAGE Radioch. 23 TGa £33 3] a6 31 £ 25 1940
Gallex Radioch. 12 NG 233 94 45 16 11 1991
Superk Carenkowv 22000 water o200 10200} 100 1996
GG Radioch. 12 I 5a £33 34 45 16 11 1998
SN Cerenkowv 2000 water SO00 11040 100 1999
200 2H B 00 00 100 19949
200 H 2223 5000 5001 1999
Borexing  Scintillator 00 scintillatar 250 2000 2007
RamlLAND Scintillaton 000 scintillatar 201
ICARLIS L &r TRC 00 A
HERON L He rotons, 5 He 100 3025] 1500 21 125 a0
Scintillator
HELLAF Gas TPC 7 He 180 4000
LENS Scintillator 2.3 "Th 301,445 130 145 1 40]
MOON Scint+Foils 3.3 190Mo 16 4059 125 14 34 20
CLEAN Scintillator 12.5 MHe 100 S000
fodine, & Hybrid , €l
(GaAs lonization L et
[LiF Bolometer 0.9 AL B&Z] 487 27 28 100)




